Active surveillance is an acceptable treatment option in men with a low-risk prostate cancer. In the present study, we have retrospectively reviewed the outcomes of 509 men who fit the criteria for active surveillance but selected radical prostatectomy. Then, the impact of varying prostate-specific antigen (PSA) levels on the risk of upstaging and upgrading in these patients was assessed. Pathological characteristics of patients who fulfilled the inclusion criteria under three active surveillance criteria-those of the University of California-San Francisco, the National Cancer Institute and the European Association of Urology-were examined. The proportion of men who were deemed candidates for active surveillance but were subsequently upstaged or upgraded was determined. Of 509 patients, 186 (36.5%), 132 (25.9%) and 88 (17.3%) men fulfilled the active surveillance criteria, respectively. Upgrading (Gleason scores 7-10) ranged from 32.8% to 38.6%, while upstaging (opT3) ranged from 10.2% to 12.5%, depending on the three active surveillance criteria. After a median follow-up of 24 months, three patients developed a biochemical recurrence. When the impact of varying PSA levels was examined using a test for trend analysis in the context of PSA for each protocol, rates of upstaging were lower in men with PSA ,4 ng ml 21 . However, there was no impact of varying PSA levels on upgrading. In conclusion, commonly used active surveillance protocols carry the risks of upgrading and upstaging. More reliable and accurate markers are needed to better stratify the risks of men who are appropriate candidates for active surveillance.
INTRODUCTION
Over 90% of newly diagnosed prostate cancer (PCa) cases in the United States are clinically localized, and the 5-year survival rates in these men are nearly 100%. 1 The introduction of prostate-specific antigen (PSA)-based screening has led to the increased detection of potentially more indolent tumours with low risk. Consequently, a subgroup of these men may be subjected to unnecessary treatment with associated morbidities. As such, active surveillance (AS) has emerged as a viable treatment option for selected patients with lowrisk PCa. 2 AS criteria that accurately predict which individuals have truly indolent disease while simultaneously providing guidelines for serially monitoring and rapidly identifying patients with disease progression have been debated. 3 Ideally, the strictest criteria should be used to avoid misclassifying men with non-indolent tumours as eligible for AS. Despite these efforts, high-risk PCas have been reported in men who are candidates for AS, as commonly used AS guidelines do not always accurately predict pathological outcomes. [3] [4] [5] The aim of our study was to examine the outcomes in men who fit the criteria for AS but selected radical prostatectomy and to investigate the impact of varying PSA threshold. The impact of varying PSA threshold was used in an attempt to further refine the AS protocols.
MATERIALS AND METHODS

Patients
After obtaining Institutional Review Board approval of Cancer Institute of New Jersey, the data of 509 patients who had at least 12 core biopsies and selected robot-assisted radical prostatectomy (RARP) using the DaVinci system (Intuitive Surgical, Sunnyvale, CA, USA) between January 2004 and October 2009 were reviewed. All men in this group had a life expectancy greater than 10 years. Of the 509 men, 406 patients with clinical and pathological data that met the most stringent AS guidelines were reviewed.
Three guidelines were analysed in this study: University of California-San Francisco (UCSF)-PSA ,10 ng ml 
Statistical analysis
Statistical analysis was done by using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). The results were analysed statistically using ANOVA, Chi-square test and test for trends (linear-by-linear association). Kaplan-Meier curve with log-rank test was used to analyse the biochemical recurrence rates. P values ,0.05 were considered significant.
RESULTS
Of 509
PCa patients who underwent RARP, 186 (36.5%), 132 (25.9%), 88 (17.3%) and 75 (14.7%) men fulfilled the AS criteria of UCSF, NCI, EAU and CINJ, respectively. None of these patients with low-risk PCa received additional preoperative CT, MRI or bone scan. As shown in Table 1 , there were statistically significant differences among the four groups in age, preoperative PSA and clinical T stage. Overall, about 90% of the patients had clinical stage T1c disease.
The percentage of patients who were upgraded (Gleason scores o7) ranged from 32.8% to 38.6%, while those who were upstaged (opT3) ranged from 10.2% to 12.5% ( Table 2) . High-grade PCas or specimens with a primary Gleason grade o4 were found in 8.6% to 13.6% of patients ( Table 2) . After a median follow-up of 24 months (range: 3-48 months), two patients (patients 1 and 2) who fit the NCI's and EAU's AS criteria developed a PSA recurrence, respectively. The two patients and another one exhibited biochemical evidence of recurrence using the UCSF guidelines ( Table 2 ). The specific details of the three patients are shown in Table 3 . After modifying the PSA criteria for the AS protocols to ,10, ,8, ,6 and ,4, upstaging rates decreased (test for trends, P,0.05) ( Figure 1 and Table 4) . Kaplan-Meier curves demonstrated no differences in PSA biochemical recurrence-free survival among four AS protocols (three external AS protocols and our institutional AS with PSA ,4 ng ml 21 , P50.619) (Figure 2) .
DISCUSSION
In the present study, we analysed three commonly available AS guidelines in the context of post-RARP pathological outcomes. Of 509 patients, 186, 132 and 88 patients met UCSF, NCI, and EAU criteria, respectively. There were no significant differences in the preoperative parameters among three AS protocols except for age because NCI and EAU guidelines specify life expectancy as part of the inclusion criteria.
With the implementation of population-based screening for PCa, many experts have expressed concern for the overtreatment of PCa. Indeed, it is estimated that up to ,80% of all treated PCa cases are unnecessary. 8, 9 Overtreatment of PCa adds not only to the rising healthcare costs but also to the long-term decline in quality of life due to factors such as incontinence and impotence. However, at our institution, the long-term postoperative continence and potency rates are over 90%, 10 while the major complication rate (Clavien class III or higher) was 3%, 11 suggesting that the impact of robotic surgical intervention on quality of life for PCa is mostly short lived for our patients. Regardless, as a tool to decrease the incidence of prostate cancer overtreatment, active surveillance has gained significant support over the last decade. That said that there is still a lack of uniform standards and criteria for active surveillance in men with low-risk PCa. 9 Our data showed that over one-third of patients who met AS protocols were upgraded after radical prostatectomy (Gleason scores 7-10). Although Gleason scores 6 and 7 are both considered intermediate risk, patients with Gleason sum 7 have higher rates of biochemical recurrence and distant metastasis. Interestingly, about 30% of patients who were upgraded have Gleason score 413 patterns. Multiple investigators have suggested that Gleason score 413 tumours are more aggressive than Gleason sum 314 tumours. 12, 13 For example, Stark et al. 12 reported that Gleason score 413 tumours, when compared with Gleason score 314 tumours, were associated with a threefold higher incidence of bone metastasis and prostate cancer-related death. Therefore, published AS guidelines should consider the differential outcomes of 314 versus 413 cancers. In the context of upstaging, 10.2%-12.5% of men who fulfilled the criteria for AS showed a pathological stage of pT3a or higher. This is consistent with studies that have reported that 5%-26% of lowrisk patients are upstaged following surgery. [14] [15] [16] [17] These relatively high percentages of upgrading and upstaging suggest that the AS protocols need further refinement to increase accuracy.
In an effort to improve the recommended AS guidelines, we investigated the effect of varying PSA levels on the rate of upstaging and upgrading. Previously, it has been reported that the proportion of men on AS protocols whose tumours were upstaged ranged from 7%-19% in men with PSA ,10 ng ml 21 , 14%-24.8% in men with PSA ,15 ng ml 21 and 18%-26% in men with PSA ,20 ng ml 21 . 3, 4, 15, 17 Moreover, modifying the D'Amico criteria for low-risk prostate cancer to PSA f4 ng ml 21 resulted in reduced rates of extracapsular extension, from 13.5% to 6.9%. 4, 18 Based on these findings, the CINJ has adopted the following criteria for AS: PSA ,4 ng ml 21 , biopsy Gleason sum ,7 and clinical stage fT2a; life expectancy is currently not a part of our institutional guideline. This modified CINJ protocol for AS needs to be confirmed in a large-scale study.
Consistent with these observations, we found through trend analysis that the percentages of patients who were upstaged decreased with lower PSA threshold (P,0.05). When PSA ,4 ng ml 21 was used, the number of patients who were upstaged under the three AS criteria decreased. However, because our cohort data are limited, we could not perform a multivariate analysis. Notwithstanding, the use of a lower PSA cutoff did not help decrease the rate of upgrading and biochemical recurrence in those who underwent radical prostatectomy. Recently, it has been reported that PSA kinetics is not reliable in predicting disease progression in the context of active surveillance for prostate cancer. 19 Together with the results of the present work, it is likely that the PSA criteria for active surveillance and indications for intervention require further refinement.
It should also be noted that by decreasing the PSA threshold, the number of patients who are candidates for active surveillance will decrease. In the present study, the use of PSA ,4 ng ml 21 decreased the number of patients who are eligible for AS by nearly 75%. Reduction in the number of eligible patients by using with a lower PSA cutoff will increase the number of overtreated patients. Thus, as a whole, the gain in accuracy achieved by lowering the PSA threshold for active surveillance may not offset the potential cost of overtreatment and resulting complications. This hypothesis will be investigated in the future using a larger cohort of patients.
The present study has several limitations. First, the median follow-up of 24 months is relatively short. Thus, additional time is needed to PSA levels and active surveillance DI Kang et al 840 determine the association between the impact on upgrading/upstaging and the biochemical recurrence rate. Indeed, neoadjuvant androgen ablation studies have clearly demonstrated that changes in pathological findings may not predict clinical outcome in men undergoing radical prostatectomy. Second, most patients in this study underwent prostate biopsies at outside institutions. To minimize the impact of this variable, all biopsy results were reviewed by one pathologist at our institution and only those with 12 or more core biopsies were included in this study. Finally, the cohort itself is small. As a result, more rigorous statistical studies including multivariate analysis could not be performed.
In conclusion, even the most current and stringent criteria for AS have a significant risk of upgrading and upstaging. More reliable and accurate markers are needed to better stratify the risks of men who are appropriate candidates for AS. To this end, results of the present study suggest that decreasing the PSA cutoff to 4 ng ml 21 did not help significantly decrease the risk of recurrence in men who opted for active surveillance. Additional studies using a larger cohort of patients with a longer period of follow-up are necessary to confirm our findings.
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